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Quasi-linear Theory of Energetic Particle
Transport

1. Use quasi-linear theory of energetic particles to assess how
‘alphas’ respond to the instabilities they produce and how the
transport of the background plasma is affected

2. Will enable an ‘integration’ package for that will assess both
short (instability times perhaps leading to rapid diffusion) and
long time (transport time scale) behavior

3. Theory can be constructed that is energy and momentum
conserving (energy and momentum emerging from the
particles goes to the waves) and background dissipation
mechanisms can be used to feed back to the plasma
(determining heating,  torques,channeling, etc.)

4. Theory is self-consistent. Is it right? If it essentially is, there
should be a priority to develop it.



Kolesnichenko’s Estimate
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Wave energy and momentum conservation built in!
rate of wave momentum change
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Quasi-Linear Equation with Resonance Discreteness

Diffusion does not go beyond ‘KAM’ surface unless
              there is mode overlap

Then interesting dynamics arise: global diffusion, avalanches…



Overlap releases more free energy
           (negligible collisions)

4 × the phase
space interchange;
16 × the energy 
release

Overlap leads to: 





Quasi-linear equation in tokamak (          )! <<!
ci

 

!f

!t
=
"

2

!

!#ln,l

$ |%b;n,l

2
|
2 & %n ' #l ,( l( )

!f

!#l

'
!
) f ' f

0( );  

#l (H '% lP* / n,P* ,µ) = n%* + l%+ ;   

 

!
b

2
(E,µ,P" ) =

n

!
< e
!
#(t) $

!
E(t) >

n,l

%&
n,l
(H ',P" ,µ)

%P"
|µ ,H '=H '!P" /n

with this notation arising from instantaneously power 
transfer into its spectral components which is calculated 
in NOVA
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Limits to diffusion without overlap of resonances



What can be gained with Q-L code

1. Keep track of details of entire phase space region which is
especially important for knowing when to expect mode
overlap and as an aid in the interpretation of diagnostics

2. Feed transport information to global transport codes as well
as process how background transport effect energetic
particles

3. Assess understanding of results of numerical simulation and if
achieved, is likely to an easier tool to plan for new
experiments

4. Use to plan for experiments and assess experimental results.


